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(57) ABSTRACT

A small-sized laminated inductor made via a simple firing
process 1ncludes insulating magnetic sheets made of high
permeability materials 1n which first coil conductors are
provided on the surfaces thereof, insulating magnetic sheets
made of low permeability materials 1n which second coil
conductors are provided on the surfaces thereof, and other
suitable materials. The first and second coil conductors are
clectrically connected 1n series through via holes provided in
the magnetic sheets to define a spiral coil. In the spiral coil,
the first coil conductors are wound 1n the counter-clockwise

direction, while the second coi1l conductors are wound 1n the
clockwise direction.

10 Claims, 3 Drawing Sheets
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1
LAMINATED TYPE INDUCTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mnvention relates to a laminated type inductor,
more particularly, to a laminated type inductor used as a
noise filter, and other suitable devices.

Art

Generally, when a laminated type inductor 1s used as a
noise lilter for a high-frequency signal line, low permeabil-
ity material 1s used for a magnetic-substance layer. However,
the laminated type inductor made of low permeability mate-
rial has a problem 1in that it 1s easy to generate a link 1n the
waveform of the high-frequency signal.

2. Description of the Related

As a countermeasure, a conventional laminated type
inductor 1 1s shown 1n FIG. 5. The laminated type inductor
1 1s constructed such that a high permeability coil section 2
including magnetic-substance layers made of high perme-
ability materials, and a low permeability coil section 3
including magnetic-substance layers made of low perme-
ability materials are laminated and integrally fired. Coil
conductors 4-6 1n the high permeability coil section 2 and
coll conductors 7-9 1n the low permeability coil section 3 are
electrically connected in series through via holes (not
illustrated) to define a spiral coil L. One end (coil conductor
9) of the spiral coil L is connected to an external electrode
11. The other end (coil conductor 4) thereof is connected to
an external electrode 12.

Moreover, a laminated type inductor 21 1s also shown in
FIG. 6. A laminated type inductor 21 1s constructed such that
a high permeability coil section 22 including magnetic-
substance layers made of high permeability materials, a low
permeability coil section 23 including magnetic-substance
layers made of low permeability materials, and an interme-
diate section 24 made of a non-magnetic material which 1s
disposed between the coil sections 23 and 24 are laminated
and integrally fired. Coil conductors 25-28 arranged 1n the
high permeability coil section 22 and coil conductors 29-32
arranged 1n the low permeability coil section 23 are electri-
cally connected in series through via holes (not illustrated)
to define a spiral coil L.

In the conventional laminated type inductors 1 and 21,
when the magnetic field H1 generated in the high perme-
ability coil sections 2 and 22 and the magnetic field H2
ogenerated 1n the low permeability coil sections 3 and 23
cause mutual interference, the noise suppressing elfect 1s
insufficient. To prevent the mutual interference of the mag-
netic fields H1 and H2, the laminated type inductor 1 shown
in FIG. 5 has a large distance D between the coil conductors
4—6 of the high permeability coil section 2, and the coil
conductors 7-9 of the low permeability coil section 3.
However, as the distance D i1ncreases, the size of the
laminated type inductor 1 also increases.

On the other hand, in the laminated type inductor 21
shown in FIG. 6 the intermediate section 24 1s located
between the high permeability coil section 22 and the low
permeability coil section 233gv to prevent the mutual inter-
ference of magnetic ficlds H1 and H2. However, it 1is
technically difficult to accomplish integrally baking both the
magnetic material for the coil sections 22 and 23, and the
dielectric material for the intermediate section 24, because
the physical structure and the rate of heat-shrinking of both
are substantially different. Thus, controlling the manufac-
turing processes 1s complicated.
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2
SUMMARY OF THE INVENTION

To overcome the above-described problems, preferred
embodiments of the present invention provide a small-sized
laminated inductor with a substantially simplified baking
Process.

According to preferred embodiments of the present
invention, a laminated type inductor including a low per-
meability coil section 1n which magnetic layers made of a
relatively low permeability material and coil conductors are
laminated, and a high permeability coil section in which
magnetic layers made of a relatively high permeability
material and coil conductors are laminated, the low perme-
ability coil section and the high permeability coil section are
laminated such that the coil conductors of the low perme-
ability coil section and the coil conductors of the high
permeability coil section are electrically connected 1n series
to define a spiral coil, and the winding direction of the coil
conductors 1n the low permeability coil section and the
winding direction of the coil conductors 1n the high perme-
ability coil section are opposite to each other.

When the low permeability coil section and the high
permeability coil section are bonded together, since both of
them are made of magnetic materials without using a
different material, bonding reliability 1s substantially
improved.

Moreover, since the winding direction of the coil conduc-
tors 1n the low permeability coil section and the winding
direction of the coil conductors 1n the high permeability coil
section are arranged 1n the opposite direction, mutual inter-
ference of the magnetic field produced 1n the low perme-
ability coil section and the magnetic field produced in the
high permeability coil section 1s prevented.

Other features, elements, characteristics and advantages
of the present invention will become apparent from the
following description of preferred embodiments therecof
with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an exploded perspective view showing a pre-
ferred embodiment of a laminated type inductor according to
the present invention.

FIG. 2 1s a perspective view of the laminated type
inductor shown 1n FIG. 1.

FIG. 3 1s a schematic sectional view of the laminated type
inductor shown 1n FIG. 2.

FIG. 4 1s a graph showing the impedance characteristic of
the laminated type imnductor shown 1n FIG. 2.

FIG. 5 1s a schematic sectional view showing a conven-
tional laminated type inductor.

FIG. 6 1s a schematic sectional view showing another
conventional laminated type inductor.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Hereafter, preferred embodiments of the laminated type
inductor according to the present invention are explained
with reference to accompanying drawings.

As shown in FIG. 1, a laminated type inductor 41 includes
insulating magnetic sheets 43—46 made of high permeability
materials 1n which coil conductors 63, 64, 65, and 66 are
respectively provided on the surfaces thereof, and insulating
magnetic sheets 48—52 made of low permeability materials
in which coil conductors 67, 68, 69, 70, and 71 are respec-
tively provided on the surfaces thereof, and other suitable
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materials. The magnetic sheets 42—46 are produced, for
example, such that insulating paste containing ferrite pow-
der of high permeability 1s formed as a sheet. Similarly, the
magnetic sheets 47-52 are produced, for example, such that
insulating paste containing ferrite powder of low permeabil-
ity 1s formed as a sheet.

The coil conductors 63—71 are electrically connected in
series through via holes 75a—751 respectively provided in the
magnetic sheets 43—51 to define a spiral coil L. In the spiral
coll L, the coil conductors 63—66 are wound 1n the counter-
clockwise direction, while the coil conductors 67-71 are
wound 1n the clockwise direction. A lead terminal 63a of the
coll conductor 63 1s exposed to the right side of the magnetic
sheet 43. A lead terminal 71a of the coil conductor 71 1is
exposed to the left side of the magnetic sheet 52.

The above magnetic sheets 4252, as shown 1n FIG. 1, are
laminated 1n sequence, compressed to be bonded together,
and baked integrally. Then the multilayer body 80 as shown
in FIG. 2 1s produced. Since each sheet 42—52 1s made of
magnetic material, the bonding property 1s greatly improved,
as compared with the case where the different kinds of

material are bonded in the conventional laminated type
inductor 21 shown 1n FIG. 6.

External electrodes 81 and 82 are respectively provided
on the right and left end surfaces of the multilayer body 80.
The lead terminal 63a of the coil conductor 63 1s connected
to the external electrode 82. The lead terminal 71a of the coil
conductor 71 1s connected to the external electrode 81.

As shown 1 FIG. 3, in the laminated type inductor 41
both the high permeability coil section 78 in which the
magnetic sheets 42—46 of the relatively high permeability
are laminated, and the low permeability coil section 79 1n
which the magnetic sheets 47—52 of the low permeability are
laminated are stacked directly upon one another without
interposing the intermediate section made of dielectric mate-
rial therebetween. Since the intermediate section 1s not
required, the thickness thereof 1s reduced, thus producing a
small-sized laminated imnductor 41.

The coil conductors 63—66 of the high permeability coil
section 78 eliminate low-frequency noises, and the coil
conductors 67—71 of the low permeability coil section 79
climinate high-frequency noises. Because the winding direc-
tion of the coil conductors 63—66 of the high permeability
coill section 78, and the winding direction of the coil
conductors 67—71 of the low permeability coil section 79 are
opposite to each other, the magnetic field H1 produced in the
high permeability coil section 78 and the magnetic ficld H2
produced 1n the low permeability coil section 79 do not
cause mutual interference. Therefore, the impedance char-
acteristic of the high permeability coil section 78 and the
impedance characteristic of the low permeability coil section
79 respectively function independently. Consequently, the
high permeability coil section 78 exhibits a sufficient low-
frequency noise removal effect, and the low permeability
coll section 79 exhibits a sufficient high-frequency noise
removal effect.

The impedance characteristic between the external elec-
trodes 81 and 82 of the laminated type inductor 41 1s shown
in FIG. 4 (sce solid line 87). In FIG. 4, a broken line 85
shows the impedance characteristic of the high permeability
coil section 78. A broken line 86 shows the impedance
characteristic of the low permeability coil section 79. The
solid line 87 shows that the increase of the impedance is
suppressed in the intermediate frequency band (indicated by
circle A in FIG. 4). This is because the magnetic fields H1

and H2 respectively generated in the high and low perme-

10

15

20

25

30

35

40

45

50

55

60

65

4

ability coil sections 78 and 79 repel mutually near the
boundary of the high permeability coil section 78 and the
low permeability coil section 79, and both the leakage of the
magnetic field H1 to the low permeability coil section 79 and
the leakage of the magnetic field H2 to the high permeability
coll section 78 are minimized. For comparison, a dashed line
88 shows an 1mpedance characteristic of a laminated type
inductor 1n which the winding direction of the coil conduc-
tors 63—66 of the high permeability coil section 78, and the
winding direction of the coil conductors 6—71 of the low
permeability coil section 79 are arranged 1n the same direc-
tion.

In addition, the laminated type inductor according to
preferred embodiments of the present invention 1s not lim-
ited to the above-described preferred embodiment, and vari-
ous modifications are possible within the scope of the
present invention. For example, the number of windings of
the spiral coil, the shape of the coil conductor, or other
features are modified 1n accordance with the characteristics
of the product.

Furthermore, after stacking the magnetic sheets on which
the coil conductors are respectively provided, the magnetic
sheets of the above-mentioned embodiment are integrally
baked. However, the present invention 1s not necessarily
limited to this manufacturing process. For example, the
magnetic sheets which are baked 1in advance may be used.
Moreover, the 1nductor may be produced by the manufac-
turing method explained below. After forming a magnetic
layer with a magnetic material paste by printing method or
other suitable method, a conductive material paste 1s applied
on the surface of the magnetic layer to form a coil conductor.
Next, another magnetic material paste 1s applied on the coil
conductor to define the magnetic layer in which the coil
conductor 1s provided. Similarly, the conductive paste and
the magnetic paste are applied 1n sequence alternately and
repeatedly, while electrically connecting each of the coil
conductors, whereby the inductor having the lamination
structure 1s obtained.

As 1s clear from the above description, according to
preferred embodiments of the present invention, since the
low permeability coil section and the high permeability coil
section are directly bonded together, and both of them are
made of magnetic materials, the bonding property 1s excel-
lent.

Since the high permeability coil section and the low
permeability coil section are stacked without interposing the
intermediate section made of dielectric material
therebetween, a very small-sized laminated inductor is
obtained.

Since the winding direction of the conductors of the low
permeability coil section, and the winding direction of the
conductors of the high permeability coil section are arranged
opposite to each other, the magnetic field generated 1n the
low permeability coil section and the magnetic field gener-
ated m the high permeability coil section do not cause
mutual interference.

Therefore, the impedance characteristic of the high per-
meability coil section and the impedance characteristic of
the low permeability coil section respectively work inde-
pendently.

Consequently, the high permeability coil section exhibits
a sutficient low-frequency noise removal effect, and the low

permeability coil section exhibits a sutficient high-frequency
noise removal elfect.

While preferred embodiments of the invention have been
disclosed, various modes of carrying out the principles
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disclosed herein are contemplated as being within the scope
of the following claims. Therefore, 1t 1s understood that the
scope of the invention i1s not to be limited except as
otherwise set forth

What 1s claimed 1s:

1. A laminated type inductor comprising;:

a low permeability coil section in which magnetic layers
made of a relatively low permeability material and first
coil conductors are laminated in a vertical stacking
direction; and

a high permeability coil section 1n which magnetic layers
made of a relatively high permeability material and
second coil conductors are laminated 1n said vertical
stacking direction; wherein

the low permeability coil section and the high permeabil-
ity coil section are laminated such that the first coil
conductors of the low permeability coil section and the
second coil conductors of the high permeability coil
section are electrically connected in series to define a
spiral coil, and the winding direction of the first coil
conductors 1n the low permeability coil section and the
winding direction of the second coil conductors in the
high permeability coil section are arranged to be oppo-
site to each other; and

in each of the high permeability section and the low
permeability section, the first coil conductors and the
second coil conductors are spaced from each other in
said vertical stacking direction, adjacent pairs of the
first co1l conductors 1n said vertical stacking direction
have substantially the same configuration and mutually
opposite winding directions, and adjacent pairs of the
second coil conductors 1n said vertical stacking direc-
tion have substantially the same configuration and
mutually opposite winding directions.
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2. The laminated type inductor according to claim 1,
wherein the low permeability coil section and the high
permeability section are laminated directly together.

3. The laminated type inductor according to claim 1,
wherein the low permeability coil section and the high
permeability section are baked integrally together.

4. The laminated type inductor according to claim 1,
wherein the low permeability coil section and the high
permeability section are all made of a magnetic material.

5. The laminated type inductor according to claim 1,
wherein the magnetic layers of the low permeability coil
section are made of paste containing ferrite powder of low
permeability.

6. The laminated type inductor according to claim 1,
wherein the magnetic layers of the high permeability coil
section are made of paste containing ferrite powder of high
permeability.

7. The laminated type inductor according to claim 1,
wherein the low permeability coil section and the high
permeability coil section are provided in a multilayer body.

8. The laminated type inductor according to claim 1,
further comprising external electrodes provided on the right
and left end surfaces of the multilayer body.

9. The laminated type inductor according to claim 1,
wherein the coil conductors of the high permeability coil
section are arranged to eliminate low-frequency noises, and
the coil conductors of the low permeability coil section are
arranged to eliminate high-frequency noises.

10. The laminated type inductor according to claim 1,
wherein the high permeability coil section and the low
permeability coil section are stacked without interposing an
intermediate section made of dielectric material therebe-
tween.
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